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Objective: To e s t a b l i s h  physiological base l i n e  da t a ,  and t o  develop 

phys io logica l  procedures and instrumentation necessary f o r  t h e  automatic 

measurement of hemodynamic and metabolic parameters during prolonged 
, 

periods of weightlessness. 

li 

Sta tus :  

t h i s  r epor t  period. 

A t o t a l  of 42 monkeys comprised t h e  colony a t  t h e  conclusion of 

The condition of t h e  colony continued t o  be 

s a t i s f a c t o r y  and pa thologica l  organisms were not found t o  be a d i r e c t  

causative f a c t o r  i n  t h e  demise of any colony member. The major por t ion  

of t h e  physiological da t a  reported here in  was obtained from p ig - t a i l ed  

monkeys; however, some experimental surgery has been ca r r i ed  ou t  on 

rhesus monkeys, 

Reproduction and Growth. The outdoor breeding colony cons i s t s  of 

one male and four female p ig- ta i led  monkeys. The first generation of 

of fspr ing  ( 3  males and 1 female) have been removed from t h i s  area and 

placed i n  ind iv idua l  cages f o r  c loser  observation and frequent handling. 

Preliminary observations of thesrwyoung animals, aged 6 months t o  
r 

18 months, t end  t o  ind ica t e  t h a t  they w i l l  be more s u i t a b l e  a s  fu tu re  
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experimental physiological subjects  than animals obtained from the  wild 

state;  i n  pa r t i cu la r ,  they are hea l th i e r  and are e a s i e r  t o  handle, as w e l l  

as being of prec ise ly  known ages. 

Female p ig- ta i led  monkey #31, Dorcas, gave b i r t h  t o  an apparently 

normal healthy female on 23 February 1965, her  second offspr ing i n  t h e  

colony. Unfortunately t h i s  infant  succumbed t o  unknown causes on 

30 March 1965. 

n u t r i t i o n a l  deficiency, 

The infan t  d id  not appear t o  be su f fe r ing  from any 

Body weight was within t h e  bes t  estimation of 

t h e  norm f o r  t h i s  p a r t i c u l a r  s tage  of growth. Radiological examination 

f a i l e d  t o  revea l  a cause for death,  

p a r t u r i t i o n  within a year  for  #31, Dorcas. 

b i r t h  t o  male #51, Cornelius, on 3 March 1964. 

In t e re s t ing ly ,  t h i s  was t h e  second 

Previously she had given 

These animals of known b i r t h  date  are being weighed twice weekly. 

Gross anthropoidimetric measurements and rad io logica l  examinations are 

made once each month. 

Behavioral Studies.  An i n i t i a l  attempt has been made t o  adapt 

techniques and methods used current ly  i n  behavioral  s tud ie s  of sub-human 

primates t o  our pig- ta i led monkeys r e s t r a ined  i n  contour couches and 

confined i n  ind iv idua l  i s o l a t i o n  boxes. 

A miniature t es t  apparatus, 6 inches long by 5 inches wide, containing 

small food b ins  with s l i d i n g  covers, has been devised t o  f i t  i n t o  t h e  

space occupied by t h e  monkeys' da i ly  food r a t ion .  

food p e l l e t s  approximately 250 mg i n  weight were placed in t h e  open 

bins ,  and t h e  monkeys quickly learned t o  pick them up. 

were placed i n  a l l  t h r e e  bins  and t h e  s l i d i n g  covers closed. 

random play with the  t o p  of the  t r ay  t h e  monkeys again quickly 

discovered t h a t  food p e l l e t s  were t o  be found under t h e  s l i d i n g  covers. 

To start  with,  small 

Next, p e l l e t s  

In t h e i r  
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A t  t h i s  point  t h e  animals were ready t o  start learn ing  trials. These 

cons is ted  of placing a food p e l l e t  i n  only one b in ,  always under t h e  same 

p a t t e r n  bu t  random i n  posi t ion,  and counting t h e  number of times t h e  

monkey chose the  correct  b in  i n  a succession of 20 presentat ions.  

After t h e  preliminary t r a in ing ,  two monkeys, #58, Pindarus and #82, 

Bushy, were t e s t e d  da i ly  f o r  a period of th ree  weeks. Approximately 

60-90 t r i a l s  w e r e  run each day. A t  t h e  i n i t i a t i o n  of t h e  tests both 

monkeys had been i n  contour couch r e s t r a i n t  for  a period i n  excess of two 

months. The first problem t r i e d  with t h e  miniature apparatus was a 

black-white discr iminat ion using e q u i l a t e r a l  ( 5 / 8 "  t o  a s i d e )  cardboard 

t r i a n g l e s  a t tached t o  t h e  s l i d i n g  covers of t h e  food bins .  St imuli  were 

var ied  from r i g h t  t o  l e f t  posi t ion such t h a t  pos i t ion  could not inf luence 

h i s  choice. In addi t ion t o  simple discrimination tests, r eve r sa l  trials 

were also ca r r i ed  out .  The r e s u l t s  of the  various t e s t s  are shown i n  

Tables 1 and 2,  

It has been reported i n  t h e  l i terature t h a t  two-dimensional represen- 

t a t i o n s  are more d i f f i c u l t  f o r  monkeys t o  learn t o  discriminate than are 

three-dimensional ob jec t s  of the  same shape. Therefore, small th ree-  

dimensional st imulus objec ts  not  exceeding one inch i n  t h e i r  g r e a t e s t  

dimension, cons is t ing  spec i f i ca l ly  of a star, two c i r c l e s  of d i f f e r e n t  

diameters,  a diamond, and a rectangle ,  were used for  t r ia l s  on a t h i r d  

monkey #68, Alexas. The r e s u l t s  a r e  shown i n  Table 3.  This monkey was a 

very fast l ea rne r  for  a naive subject  as compared t o  t h e  da t a  from extant  

l i terature on monkey experiments. Usually when discr iminat ions and t h e i r  

r eve r sa l s  are learned as fast as the  "c i rc le -s ta r"  was by #68 ,  Alexas, 

they are reported for highly t r a ined  monkeys who have previously solved 

hundreds of discriminat ion problems. 
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e monkey tend t o  ind ica t e  t h a t  t h e  

miniature test t r ay  i s  a va l id  method of t e s t i n g  monkeys i n  t h e  i s o l a t i o n  

boxes on various types of discrimination, discr iminat ion reversal, oddity,  

matching and probabi l i ty  problems. 

Plasma Clearance of  Indocyanine Green. The clearance time of 

indocyanine green was measured on t h r e e  male p ig- ta i led  monkeys. 

Preliminary trials were conducted t o  determine optimum sampling i n t e r v a l s  

and t h e  minimum amount of dye which may be in j ec t ed  t o  produce r e l i a b l e  

r e s u l t s .  Vascular ca the te rs  had previously been implanted, and t h e  

animals had been i n  couch r e s t r a i n t  f o r  per iods of time varying from one 

week t o  two months. Prior t o  dye inject ion a blood sample was removed 

from t h e  arterial  ca the t e r  for  the  preparat ion of  a blank and standard.  

The dye was introduced by way of the venous ca the te r  a t  a l e v e l  of 0.5 mg/kg 

of body weight. 

at  1.0, 1.5, 2.0 and 3.0 minutes a f t e r  i n j ec t ion  of the  dye. The blood 

Blood samples were withdrawn from t h e  a r t e r i a l  ca the t e r  

was centrifuged a t  2200 rpm f o r  1 0  minutes and t h e  plasma l a y e r  removed. 

The o p t i c a l  dens i ty  of each plasma sample was read on a Beckman DU 

spectrophotometer a t  a wave-length of 805 mp, t h e  absorption maximum f o r  

indocyanine green. 

was ca lcu la ted  and p lo t t ed  against  time on 2-cycle semilogarithmic graph 

The concentration of t h e  dye i n  rng/100 m l  of plasma 

paper. 

and its s lope represented k i n  the  equation: 

A s t r a i g h t  l i n e  was f i t t e d  t o  t h e  exponential  por t ion  of t h e  curve, 

I n  (Co/Ct) = k t .  The 

l n 2  = - clearance half-t ime of t h e  dye is given by t h e  r e l a t ionsh ip  t 31 k '  
The value, Cos could a l s o  be determined by ex t rapola t ion  back t o  

zero time and plasma volume could be computed from t h e  formula: 

plasma volume ( m l )  = dye in j ec t ed  (mg)/Co(mg/ml) 
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Resul ts  are shown i n  Table 4. For comparison, estimated plasma 

volumes calculated a s  5% of body weight are included. 

r ap id  clearance of indocyanine green from t h e  plasma of t h e  p ig- ta i led  

monkey, use of  t h i s  dye f o r  t h e  determination of plasma volume may y i e l d  

inaccurate  values. Comparison of the  indocyanine method with t h e  more 

conventional use of Evans Blue (T-1824) f o r  plasma volume measurements 

are i n  pregmss. 

Owing t o  t h e  very 

Biotelemetry. A ca l ib ra t ed  temperature sensor and t r ansmi t t e r ,  

furnished by Winget and Fryer of the  NASA A m e s  Research Center,  was 

su rg ica l ly  implanted i n  p ig- ta i led  monkey #3, Tybalt. 

posi t ioned t o  record body temperatures which could be compared d i r e c t l y  t o  

r e c t a l  temperatures obtained by thermistor  probe f r o m  t h e  lower port ion of 

t h e  colon. Following surgery,  t he  animal was returned t o  a cage measuring 

28 inches high, 28 inches wide and 34 inches deep. 

on 3 s i d e s  with a w i r e  antenna. 

picked up by a rece iver ,  demodulated and recorded continuously. 

of one series of telemetered temperature da t a  from #3,  Tybalt is shown 

i n  Table 5. A d e f i n i t e  d iu rna l  va r i a t ion  is demonstrated. Also, d e f i n i t e  

changes i n  p a t t e r n  may be noted f o r  Saturday, 13 February and Sunday, 

14  February. 

maintained throughout t h e  week, l eve l s  of a c t i v i t y  i n  t h e  surrounding 

laboratory area were diminished on t h e  weekend from those occurring during 

the  balance of  t he  week. 

The sensor was 

The cage was equipped 

Signals from t h e  t r ansmi t t e r  were 

A summary 

While a constant 1 2  hours on, 12 hours of f  l i g h t  cycle  was 

Several body temperature telemetry devices have been manufactured 

i n  our laboratory.  

c i r c u i t  components have been t e s t e d  -- i n  vivo i n  monkeys f o r  long term 

s t a b i l i t y  with varying r e s u l t s .  

Numerous types of po t t ing  compounds f o r  transmitter 

While some of our  u n i t s  have performed 

wel l  i n  cont ro l led  temperature s a l i n e  baths ,  capacitance changes which 



have occurred following s u r g i c a l  implantation have se r ious ly  l imi ted  t h e  

usefulness of t h e  t ransmi t ted  s igna l .  

design is successful and w i l l  meet t h e  long term requirements of t h i s  

pro  j ect . 

It appears, however, t h a t  t h e  Ames 

Urine Col lec t ion ,  F l a t  Teflon r ings  of 4 cm ou te r  diameter, 3 cm 

inne r  diameter and 2 mm t h i c k  w i t h  4 screw-threaded r a i sed  areas, were 

i n s e r t e d  subcutaneously sumounding t h e  base of t h e  penis  i n  two male 

rhesus monkeys, 

Lapides ur inary  ileostomy bag was a t tached  with s t a i n l e s s  steel screws 

and a matching ou te r  Teflon r ing .  

r e s t r a ined  i n  a contour couch. A tube was connected t o  t h e  d i s t a l  end of 

t h e  bag and l e d  t o  a co l l ec t ion  f lask .  

co l l ec t ed  f o r  29 days from #99, Grenvil and f o r  1 2  days from #loo, Douphol. 

The t r ia l s  were terminated by t h e  appearance of ischemic areas i n  t h e  sk in  

nea r  t h e  bag attachment. 

re turned  t o  cages with t h e  inne r  Teflon r i n g  i n t a c t .  

allow quan t i t a t ive  c o l l e c t i o n  of urine f o r  periods up t o  one month 

without t h e  need for major surgery, bu t  suffers from t h e  l i m i t a t i o n  t h a t  

c o l l e c t i o n  is dependent upon bladder cont rac t ion  and hence is sporadic,  

A p a t t e r n  of mic tur i t ion  was determined f o r  t h e  rhesus monkey 199, Grenvil, 

by a t tach ing  a u r ine  c o l l e c t i o n  device which f r ac t iona ted  e i g h t  3-hour 

samples during 24 hours. 

voiding occurred during t h e  morning a t  approximately 0700 hours. 

One week l a t e r  t h e  threaded por t ions  were exposed and a 

The monkeys were then jacketed and 

Clear, non-fecal exposed u r i n e  was 

The co l l ec t ion  bag was removed and t h e  animals 

This procedure may 

The results are shown i n  Table 6. The l a r g e s t  

No 

voiding occurred during t h e  n ight .  

Attention has a l s o  been given t o  improvement of biochemical methods 

of urine ana lys i s .  Conventional methods for many u r ine  cons t i t uen t s  

r equ i r e  a sample size t h a t  precludes ana lys i s  i n  t h e  r e l a t i v e l y  small 
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volumes of urine produced by t h e  monkey. 

s c a l i n g  down of standard methods f o r  ur ine  ana lys i s  is being carried out .  

Thus far, microchemical procedures have been developed which permit t h e  

quan t i t a t ive  determination o f  1 2  const i tuents  i n  a t o t a l  u r ine  volume of 

approximately 0.5 m l .  These const i tuents  are:  ammonia, urea,  c rea t in ine ,  

c r ea t ine ,  phosphate, u r i c  acid, glucose, chlor ide,  calcium, rr,agnesium, 

sldfzte a ~ d  t i t r a t a b l e  ac id i ty .  

A systematic modification and 

Preliminary t r ia l s  have been conducted with a miniature flow-through 

r e f l e c t i n g  refractometer.  There appears t o  be a high co r re l a t ion  between 

signal output and t o t a l  s o l u t e  concentration when ur ine  is passed through 

t h e  device. 

appl ica t ion  for  in - f l i gh t ,  on-line ur ine  ana lys i s .  

use t h i s  p r inc ip l e  f o r  on-line plasma pro te in  determinations.  

The apparatus contains no moving p a r t s ,  and may f ind  good 

It is a l s o  planned t o  

Hemodynamics. Three p ig- ta i led  monkeys #S8, Pindarus, #62, Bushy 

and #68, Alexas were continuously r e s t r a ined  i n  contour couches and 

i s o l a t i o n  boxes fo r  periods of a t  least n ine ty  days. 

measurements were made during t h e  same time (af ternoon)  on Wednesdays and 

Fridays of each week. 

during t h e  measurement periods.  

recorded for  2 t o  4 hours during each t r i a l .  

determinations using t h e  dye d i lu t ion  method were made a t  15 minute 

i n t e r v a l s  during t h e  course of each t r i a l .  

hemodynamic da ta  r e s u l t i n g  from t h e  n ine ty  day experiments. No exaggerated 

hemodynamic changes appeared t o  take place during t h e  course of t h e  experi-  

ment. 

s tart  of t h e  confinement, then gradually decreased as t h e  confinement 

progressed. 

Hemodynamic 

Care was taken t o  keep t h e  environment qu ie t  

Direct blood pressure measurements were 

Three card iac  output 

Tables 7, 8 and 9 contain t h e  

Cardiac output and card iac  work tended t o  r ise s h o r t l y  af ter  t h e  

A t  t he  end of the  90 day confinement per iod t h e  monkeys 
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exhib i ted  l e g  weakness upon being re leased  i n t o  t h e i r  cages, and approxi- 

mately a month was required f o r  them t o  regain f u l l  locomotor function. 

The effect of blood withdrawal was evaluated on #62, Bushy and t h e  

r e s u l t s  a r e  shown in  Table 10. 

of blood from 13.5 t o  30 m l  were withdrawn by t h e  same procedure used f o r  

card iac  output determinations.  

chest leads  at tached,  and hear t  r a t e  could be recorded during a l l  phases 

of t he  blood withdrawal and in jec t ion .  Blood pressures  were measured 

immediately before blood withdrawal, f o r  one minute a f t e r  withdrawal, and 

immediately following r e t u r n  o f  blood t o  t h e  experimental sub jec t .  

t he  l a r g e s t  withdrawal, 30 m l ,  did not measurably a f f e c t  e i t h e r  t h e  hear t  

r a t e  o r  t h e  blood pressure of t h i s  9.0 kg monkey. Inasmuch as only about 

15 ml of blood a re  withdrawn and returned during t h e  usual  card iac  output 

determination, it seems c l e a r  t h a t  no s i g n i f i c a n t  a l t e r a t i o n  i n  hemodynamics 

occurs as a r e s u l t  of t h e  cardiac output measurement procedure. 

In  a s e r i e s  of trials, varying amounts 

T h i s  monkey had electrocardiographic  

Even 

A twenty-four hour card iac  output t r i a l  was conducted on t h e  pig- 

t a i l e d  monkey #56, Ti t in ius .  A chronical ly  implanted pulmonary ar ter ia l  

c a t h e t e r  was used f o r  dye in j ec t ion ,  while blood was withdrawn from a 

l e f t  a t r ia l  ca the te r .  

hour during t h e  24-hour tr ial ,  

va r i a t ion  was noted, with higher  cardiac outputs  occurring between 1700 

and 2400 hours,  The measurements on #56, T i t i n i u s  were made during t h e  

182nd and 183rd day of couch confinement. 

Cardiac output determinations were made every 

As shown i n  Table 11 a s l i g h t  d iu rna l  

Hemodynamic measurements on #68,  Alexas were s i m i l a r l y  made f o r  

24 hours during h i s  second and t h i r d  days of couch confinement. 

rate and blood pressures  showed a d i u r n a l  va r i a t ion  with a decrease 

Heart 

during t h e  early morning hours, 

shown i n  T a b l e  12. 

The hourly r e s u l t s  of t h i s  t r i a l  are 



In  o rde r  t evaluate t h e  m e t h  

9 

d of  computation of card iac  output used 

i n  t h i s  labora tory ,  two preliminary approaches, estimated t o  produce changes 

i n  hemodynamic a c t i v i t y ,  have been t r i e d .  

( I s u p r e l ) ,  which is known t o  increase card iac  output,  was used. In  t h e  

second case hypothermia, which is known t o  decrease cardiac output,  was 

induced. Chronically vascular  ca the t e r i zed  p ig - t a i l ed  monkeys were t h e  

experimental animals i n  both instances.  

In one case t h e  drug, i sopro terenol  

The r e s u l t s  of the  drug ac t ion  on #68, Alexas are shown i n  Table 13. 

Isoproterenol was in j ec t ed  by way of t h e  arterial  c a t h e t e r  r a t h e r  than on 

t h e  venous s i d e ,  i n  order  t h a t  an accurate amount of indocyanine green dye 

could be introduced i n t o  t h e  vena cava f o r  a card iac  output determination 

as soon as possible after t h e  drug took effect. 

0.02 and0.032 mg,the drug immediately reduced systemic r e s i s t ance  and 

increased h e a r t  rate and card iac  output, while s t r o k e  volume and a o r t i c  

blood pressures remained r e l a t i v e l y  unchanged, 

A t  i n j e c t i o n  l e v e l s  of 

A hypothermia t r i a l  (Table 14)  was performed on t h e  male p ig - t a i l ed  

monkey # 5 5 ,  Verges. During t h e  course of t h i s  t r i a l ,  r e c t a l  temperature 

was reduced from 35.2OC following i n i t i a l  anes thes ia  with an  intravenous 

i n j e c t i o n  of Brevi ta l ,  t o  a level of  25.6OC with a cooling blanket.  

pressures remained unchanged while ca rd iac  output was reduced by a f a c t o r  

of s l i g h t l y  more than one-half. 

Aortic 

Modifications are being made i n  t h e  prototype hemodynamic measuring 

system o r i g i n a l l y  designed and b u i l t  i n  cooperation with t h e  Technical 

Services Direc tora te  of t h e  Headquarters, P a c i f i c  Missile Range a t  

Point Mugu, California.  

withdrawal syr inge  mechanism have been eliminated. 

of t h e  plunger, allowing a more e f f ec t ive  cleansing ac t ion ,  have been 

Troublesome a i r  l eaks  i n  t h e  o r i g i n a l  blood 

Changes on t h e  face 
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made. VarAaus lood pressure  transducers have ,een inves t iga ted ,  bu t  none 

has been found t o  d a t e  which is sa t i s f ac to ry .  

p ressure  transducer is i n  progress. 

Design of  a s u i t a b l e  

Tota l  Body Water: Tota l  body water was measured f o r  p ig - t a i l ed  

Including t h i s  animal, t o t a l  body water content monkey f58, Pindarus. 

has now been determined by t h e  t r i t i a t e d  water method on e igh t  p ig - t a i l ed  

monkeys. 

fat  was computed from t h e  re la t ionship :  

All of t h e  r e s u l t s  are summarized i n  Table 15. Per cent body 

% fa t  = 100 - % water/0.732 

Clearance half-time of  t h e  t r i t i a t e d  water from the  body was a l s o  

determined, and is shown i n  Table 15. 
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Block of 
20 Trials 

1-20 
21-40 
41-60 
61-80 
81-100 
101-120 
121-140 
141-160 
161-180 
181-200 
2 0 1 - 2 2 0 
221-240 
241-260 
261-280 
281-300 
301-320 
321-340 
341-360 
35 1- 3 80 
381-400 
401-420 
421-440 
441-460 
461-480 
481-SO0 
501-520 

Table 1. Discrimination between Black and White Triangles 
as Learned bj Pig-Tailed Monkey #58, Pindarus. 

A 
Original Learning: 

rhite Triangle Rewarded 
'o.correct p e r  20 t r ia ls  

0-6 (7-13) 14-20 

X9: 

X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 

X 

X 

B 
F i r s t  Reversal: 

;lack Triangle Rewarded 
'0. correc t  per  20 t r ia l s  

0-6 (7-13) 14-20 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
x 

X 

X 
X 

X 
X 
X 

X 

C 
Second Reversal: 

White Triangle Rewarded 
No.correct p e r  20 t r ia ls  

0-6 (7-13) 14-20 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

& X's i nd ica t e  t h a t  t h e  actual number of co r rec t  choices i n  t h e  t o t a l  of 
20 t r ia ls  f e l l  i n t o  t h e  range shown. 
represent  chance performance; i.e., t h e  monkey could be choosing r i g h t  
or l e f t  cons i s t en t ly ,  o r  choosing white o r  black randomly. 

The range (7-13) is taken to 



1 2  

Block of 
20 Trials 

1-20 
21-40 
41-60 
61-80 
81-100 

101-120 
121-140 
141-160 
161-180 

* 181-200 
201-220 
221-240 
241-260 
261-280 
281-300 
301-320 
321-340 
341-360 
361-380 
381-400 
401-420 
421-440 
44 1- 46 0 
461-480 
481-500 
501-520 
521-540 
541-560 
561-580 
581-600 

Table 2. Discrimination between Slack and lrlnite Triangles  
as Learned by Pig-Tailed Emkey G62, Bushy 

A 
Orig ina l  Learning: 

White Triangle Rewarded 
No.correct p e r  20 t r i a l s  
- _ _ _  
0-6 (7-13) 14-20 

X f :  
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

B 
F i r s t  Reversal  : 

Black Triangle  Rewarded 
No.correct p e r  20 t r i a l s  

~- ~ ~~ 

0-6 (7-13) 14-20 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 

X 
X 
X 
X 
X 
X 

X 

X 

C 
Second Reversal:  

:?bite Triangle  Rewarded 
No.correct p e r  20 t r ia ls  

0-6 (7-13) 14-20 

X 
X 
X 

X 
X 
X 
X 

X 
X 
X 

X 
X 
X 

X 

X 

X 
X 
X 
X 

X 
X 

x 
X 

X 
x 
X 

X 
X 

X 
X 

X's i nd ica t e  t h a t  t h e  a c t u a l  number of correct choices i n  t h e  t o t a l  of 
20 t r ia l s  f e l l  i n t o  t h e  range shown. 
represent  chance performance; i .e. ,  t h e  monkey could be choosing r i g h t  
or l e f t  cons i s t en t ly ,  o r  choosing white o r  black randomly. 

The range (7-13) is taken t o  
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T a b l e  3. Discrimination between Three-Dimensional Objects 
as Learned by Pig- ta i led  Monkey fi68, Alexas 

1-10 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 , 

DISC VS. STAR 

Block of Disc Rewarded 

101-110 
111-120 

1-10 
11-23 

1-10 
11-20 

X 9: 
X 

Stimulus Reversed: 
S t a r  Rewarded 

X 
X 

SMALL DISC VS. LARGE DISC 

Block of Small Cisc Rewarded 

X 
X 
X 
X 
X 
X 

X 
X 

Stimulus Reversed : 
Large Disc Rewarded 

X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 

X 

X's i n d i c a t e  t h a t  t h e  a c t u a l  number of co r rec t  c h o i c e s i n  t h e  t o t a l  of 
10 t r i a l s  fell i n t o  t h e  range shown. 
r ep resen t  chance 2erformance; i . e . ,  t h e  monkey could be choosing r i g h t  
or l e f t  cons i s t en t ly ,  or choosing t h e  shapes randomiqr. 

The range (4-6) is taken t o  
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Table 4 .  Blood Plasma Clearance Half-Time of Indocyanine Green 
i n  Pig-Tailed Monkeys, and Associated Plasma Volume 
Estimates. 

Plasma Body Plasma Plasma Volume 
Animal Clearance Weight Volume Computed as 5% 
No. & Name Half -Time from Co of Body Weight 

4 t 

(min 1 (kg) (ml) (ml) 

#70, Seleucus 1 . 7 7  7 . 9 1  364 395 

#68, Alexas 1.17 5.35 309 267 

#58, Pindarus 2.20 8.00 362 400 
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Table 5, Body Temperature (OC) Telemetered from an Implanted Transmitter i n  the 
Abdominal Cavity of Pig-Tailed Monkey #3, Tybalt, Free i n  a Cage 
during February 1965. 

Time Date 8 9 10 11 12 13 14 15 16 17 18 19 

Dav 
of Mon Tues Wed Thurs Fri Sat Sun Man Tues Med T l w r s  F r i  

0100 
0200 
UJUC 
0400 
0500 
0600 
0700 
0800 
0900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
-- 1 snn - - 
2000 
2100 
2200 
2 300 
2400 

nci n 

Start  
38.8 
38.5 
39,2 
38.1 
37.9 
37.8 
37.8 
37.7 

37.6 
37.6 
33.5 
37.6 
37.6 
37.3 
37.4 
38.1 
38.7 
38.7 
38.7 
38.6 
38.7 

38.7 
38.9 
38.9 
38.4 
38.1 
37.8 
37.7 
37.6 
37.6 
37.6 

38.8 

37.5 
37.5 
37.5 
37.5 
37.7 
37.6 
37.6 
38.1 
38.6 
38.8 - 

- 
38.9 
38.8 
38.5 
37.8 
37.6 
37.4 

- - - 
- - - 

37.2 
37.8 
38.4 
38.3 
38.8 
38.5 
38.6 
38.7 
38.7 
38.6 
38.8 
38.0 
37.6 
37.2 
37.0 
36.8 
36.6 
36.6 

36.6 
36.5 
35.7 
36.7 
36.7 
36.9 
36.8 
38 .O 
38.4 
38.3 
38.5 
38.2 
38.5 
38.4 
38.6 
38.5 
38,O 

36.8 36.8 
36.8 36.8 
36.8 37.0 
36.7 37.2 
36.8 37.2 
36.8 37.2 
36.8 37.2 
36.8 37.3 
37.0 37.4 
37.1 37.2 
37.6 37.5 
37.7 37.8 
38.1 38.5 
37.5 38.1 
37.5 38.8 
37.6 38.9 
37.1 37.7 
36.9 36.9 
36.8 37.5 
36.8 37.0 
36.8 37.0 
36.7 36.9 
36.8 36.8 
36.8 37.0 

37 .O 
37.0 
37.0 
37.3 
37.3 
37.3 
37.3 
38.5 
38.7 
38.7 
38,5 
38.3 
38.5 
38.6 
38.7 
38.5 
37.9 
37.8 
37.7 
37.1 
37.0 

- 
38.4 
38.5 
38.5 
38.7 
38.6 
38.2 
38.3 
38.7 
38.7 
38.5 
38.2 
37.8 
37.4 
37.3 
37.1 
37.1 
37.0 
37.0 

- 
37.8 
38.4 
38.4 

38.2 
38.0 
38.3 
38.5 
38.5 
38.7 
38.1 
37.8 
37.5 
37.2 
37.1 
37.0 
36.8 
36.9 

38.3 

36.9 
36.9 
37,Q 
37.0 
37.0 
36.9 
38.0 
38.5 
38.2 
38.5 
38.3 
38.2 
38.5 
38.6 
38.5 
38.6 
38.1 
37.7 
37.7 
37.2 
37.0 
36.8 
36.8 
36.9 

36.9 
36.9 
36*8 
36.8 
36.8 
36.8 
37.6 
End of 
trans - 
mission 
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T L , ~  11. Twenty-four Hour h'emobjnamic Trial on Pig-Tailed 
Monkey #56, T i t i n i u s .  

Date & 
Time 

3 Feb 65 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2'200 
2100 
2200 
2300 
2400 

4 Feb 65 
0100 
0200 
0300 
0400 
0500 
0600 
0700 
0800 
0900 
1000 

Heart Rate 
(beats/min) 

186 
192 
196 
198 
200 
2 04 
204 
204 
194 
196 
204 
196 
200 
196 
188 

186 
174 
186 
176 
166 
168 
156 
i7 2 
180 
184 

(l i tcrs/min 1 

0.79 
0.91 
0.92 
0.86 
1.02 
0.88 
0.95 
1.12 
1.02 
0.98 
1.28 
1.01 
1.14 

1.04 I 
1.00 
0.96 
0.92 
0.91 
0.95 
0.89 
0.94 
0.84 
0.85 

4.2 
4.7 
4.7 
4.4 
5.1 
4.3 
4.7 
5.5 
5.3 
5.0 
6.3 
5.2 
5.7 
4.6 
5.6 

5.6 
5.8 
5 .2  
5.5 
5.5 
5.6 
5.3 
5.5 
4.7 
4.7 
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Heart Rate 

~~ 

Date 
and 

Time 

Aort ic  Pressures 
S y s t o l i c  I Diastolic I Pulse 

3 Feb 65 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 

4 Feb 65 
0100 
0206 
0300 
0400 
0500 
0600 
0700 
0800 
0900 
1000 

Table 12. Twenty-four Hour Hemodynamic Trial 
on Pig-Tailed Monkey #68, Alexas. 

232 
236 
240 
232 
222 
228 
236 
234 
228 
218 
204 
212 
206 
212 
218 

208 
204 
196 
200 
204 
208 
208 
212 
220 
220 

35 
41 
37 
43 
44 
41 
40 
38 
36 
40 
4 1  
40 
38 
38 
38 

33 
35 
36 
35 
34 
34 
36 
29 
35 
36 

136 
138 
132 
134 
119 
115 
12 3 
1 1 7  
111 
120 
124 
116 
117 
127 
120 

115 
120 
110 
10 8 
108 
105 
102 
109 
116 
120 

10 1 
97 
95 
9 1  
75 
74 
83 
79 
75 
80 
83 
76 
79 
89 
82 

82 
85 
74 
73 
74 
71 
84 
80 
81 
84 

Wean 
(mm Hg) 

118 
118 
110 

100 
96 

100 
98 
95 
95 
98 
95 
96 

103 
100 

-- 

96 
100 

90 
90 
90 
92 

100 
93 
98 

105 

Venous 
Pressure 
(mm Hg) 

-1 
-1 

0 

0 
0 
0 

-2 
-3 
-2 
0 
0 

-1 
+1 

0 

-- 

-1 
0 
0 
+1 
+1 

0 
0 
0 
0 

+1 
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Table 15 .  Total Body GJater Measurements and Total Body Fat Estimates in 
8 Pig-Tailed Monkeys. 

Total 
Body Water 

( l i t e r s )  (%) 

5.80 66.8 

5.21 67.1 

No. Name 

i 

Total Fat -Free 
Body Fat Body \!eight 
(kg) (%I  ( k g )  ( % I  

0.76 8.7 7.93 91.3 

0.64 8.3 7.12 91.7 

20 

32 

49 

56 

35 

62 

68 

58 

4.64 64.4 0.87 12.0 

4.86 66.2 0.70 9.6 

5.14 70.6 0.26 3.6 

6.69 67.8 0.73 7.4 

4.32 63.4 . 0.91 13.4 

0.85 12.0 4.53 ----- 64*4 I - 
1 Me an 

6.34 88.0 

6.64 90.4 

7.03 96.4 

9.14 92.6 

5.89 86.6 

6.19 88.0 

Benvolio 

Touchstone 

Claudius 

Titinius 

Nestor 

Bushy 

Alexas 

Pindarus 

Total 
Body 
Weight 
(kg) 

8.69 

7.76 

7.21 

7.34 

7.29 

9.87 

6.80 

7.04 - 
7.75 

T2O 

(days - 

Body 
Clearance 
Half -Time 

6.4 

6.9 

6.4 

4.5 

4.3 

9.5 

5.7 

5.3 - 
6 . 1  


